The aim of the article is to show the possibilities of augmented reality in the fi eld of geodesy and cartography. It discusses the concept of augmented reality, its origins and development, as well as areas of the existing applications. The practical functioning of augmented reality in the area of geodesy and cartography is presented on the example of an application developed for the tourist city of Toruń, created with the use of CityGuideTour software. The principles of developing an application and the way it operates are also discussed. As a result, a fully operational bilingual application is available free of charge on the Web.
Introduction
Augmented reality (AR) is one of the fastest growing technologies today. Conditions for its development have become favourable together with the development of information technologies, both in software and hardware. In recent years, mobile devices allowing successful distribution of augmented reality have been developed. The multitude of these devices, their diversity and miniaturization as well as the endless possibilities of using them contributed to the presence of technology in the daily life of every human being. The potential of applications using augmented reality is only limited by the possibilities of the human imagination and the available equipment. Many ideas which have not yet been implemented into force and the potential of this technology can contribute to augmented reality soon becoming an integral part of human life.
Augmented reality is nothing but a combination of two worlds: the real and virtual. This technology can be generally characterized as a system that allows for iteration with everything in the environment (Azuma, 1997) . This system is based on information about the real objects in the vicinity of the observer. Next, additional objects generated by the computer are overlaid on the actual image seen in the camera of the mobile device,. Virtual objects can provide an unlimited range of content, including photos, descriptions, voice recordings, videos, maps, links to websites and many others. They have to be displayed in three-dimensional space. This means that each object is assigned a precise position in the space.
Augmented reality (AR) is often confused with virtual reality (VR), which does not create a new world, but modifi es one that already exists (URL 1). What's more, virtual reality replaces the real world, through the image processed by the computer. In the case of augmented reality, the real world is only enriched and supplemented with additional information.
It would seem that augmented reality is a relatively young technology. However, the fi rst work on the combination of two worlds -the real and the virtual -was started in the 1950s. American inventor Morton Heilig made a replica of the real world -Sensorama in 1962 (URL 2). The researcher developed a device that allowed the viewer to watch a three-dimensional colour image and sound reproduction. What's more, the machine had a movable seat which generated vibrations, and had the ability to generate wind and smell. Moreover, Heilig also developed a 3D camera that allowed for recording movies displayed by the Sensorama.
Among other contributors to the development of augmented reality (Langlotz at al., 2013) was American engineer Ivan Sutherland. He created a prototype of devices using technology AR and VR -a display mounted on the head (Head -mounted Display) (James, 2015; Sutherland, 1968) . His position was determined by sound and a mechanical tracking system, and very simple graphics were placed on the real image in the camera.
At the turn of the sixties and seventies, Myron W. Krueger had been interested in augmented and virtual reality (Bryon, 2013) . He was the creator of the "Glowfl ow" installation -a dark room with four transparent tubes, which changed colour when fl uorescent molecules were added to them. Krueger was also the creator of the "Metplay" installation, consisting of a video transmission from two rooms and the possibility of modifi cation of the visual effect arising as a result of overlapping images. The best-known Krueger venture was named "Videoplace". It was based on placing the participants in two different rooms, located at any distance apart. The images obtained from the rooms were superimposed over each other, and the participants were able to achieve the impression that they are next to each other. In addition, it was possible to touch the other person, and manipulate what was shown in the image. Each participant was equipped with a helmet and gloves to achieve the desired effects.
In subsequent years, research on the use of augmented reality for the needs of the United States Air Force and NASA has been conducted. Thanks to this, in the early nineties, a system supporting aircraft production was developed (Rolland al., 1994) . Using goggles fi tted with a camera, it presented virtual cables together with their descriptions.
The fi rst mobile AR system was developed by Steve Feiner in the form of a Tourist Machine (Aceti, 2013) . The entire apparatus consisted of a rucksack in which a computer with a 3D accelerator, glasses acting as a display, a GPS system and a palmtop with a stylus used for communication with the computer were placed. The machine served as the source of information about the objects in the territory of Columbia University. The image, superimposed on the actual view in the camera, became brighter when the user was closer to the object. Looking at one point for a longer time resulted in the display of more information about the object.
In 1997, Ronald Azuma announced the expanded defi nition of augmented reality (Azuma, 1997) quoted above. Despite many attempts by other scientists, Azuma's defi nition won broad support and was accepted as the most correct.
The following years brought a series of new products that were undoubtedly a breakthrough in the fi eld of augmented reality. Augmented reality browsers, such as Layar (URL 3), Wikitute (URL 4) and Junaio (Donovan, 2012 ) appeared on the market. The mobile applications, containing content from such areas of life as tourism, medicine, military, architecture, marketing, trade and entertainment were also developed (Furht, 2011) . Each of them found widespread use and recognition of the users.
Augmented reality also won wide acclaim among fans of games and entertainment. It resulted in such applications as e.g. GolfScape GPS Rangefi nder -showing the distance from golf courses, ARSoccer -which enabled kicking a virtual football, and many other games. In recent times, the most popular game using AR has been PokemonGO (URL 5). In just a few days, this game gained millions of users around the world. Admittedly, user encounters the augmented reality only when catching Pokémon, but in spite of this technology has attracted fans for which the AR is the main attraction, stimulating the imagination of the players.
Other available solutions in the fi eld of augmented reality, among others, can show wind direction and atmospheric conditions in a particular place (see Breeze application), can show the place of crimes (Criminal Spot), can helps people with colour blindness (Danka), can show the virtual stars (Star Chart) and many others (Kaczor, 2011) . A number of applications that use AR are currently in the concept phase. New ideas are constantly developed and are gaining wide recognition. The augmented reality market is huge and can be found in every area of human life.
Augmented reality is also developing in areas supported by geodesy and cartography, especially in the area of combining technical and historical knowledge (Mościcka and Wyszyński, 2016) . One such area is tourism. Today, analogue maps and tourist guides are replaced by navigation and mobile applications. Undoubtedly, they facilitate visiting new places and have won the support of a wide audience. Applications using AR can show the users -in a useful and interesting way -a different kind of travel. What's more, applications are not only useful for determining the user's position or routing, but mainly for the location of tourist facilities and obtaining information about them. A perfect example is the PanoramaScope application (URL 6). It enables to add virtual information to the real image e.g. names of the peaks, which the tourist sees as well as their height.
Intended for people traveling by on the subway, the New York Nearest application (Kaczor, 2011) was created. Use of the application is very simple: the user simply points their mobile device down, and information which subway lines running under the user will appear on the screen. Keeping the phone oriented vertically, they can get information about distance to the subway lines.
Augmented reality is also useful in car navigation systems such as Wikitude Navigation (URL 7) or Follow Me (Kulka, 2012) . In the former, the real image displayed on the device is combined with information such as direction of travel, and road signs. Follow Me, unlike Wikitude Navigation, comprises a virtual vehicle, which the user has to follow to reach a particular destination. An interesting solution is the CyberNavi system (Alabaster, 2013) . It works thanks to a special display HUD placed between the driver's eyes and the window. CyberNavi devices present such information as speed limits, POI, street names. The system can also suggest an alternative route or remind about the road signs. The main goals of the solution proposed by the Pioneer Company is to increase safety on the roads. Using CyberNavi, the driver does not have to look away from the road to check the transit route for navigation.
The potential for use of augmented reality in geodesy and cartography seems to be high but is still in the development phase. It may be helpful during fi eld work, to search for control points (Bielecka et al., 2014) and information about the objects in the database of the geodetic and cartographic documentation centre. Before starting the measurement, a surveyor working in the fi eld, could use an application that uses augmented reality to obtain information about the area, identify both the geodetic points and boundary markers, as well as to compare the data from the offi ce with current situation in the fi eld. Moreover, the application would allow immediate contact with the appropriate geodetic and cartographic documentation centre. It could be also used as a navigation tool, thanks to which a surveyor could easily reach a specifi c object or point. Another solution, also useful in fi eld work, could be an application that imposes network utilities on the image seen in the camera. At the moment, such solutions are only in the concept phase. However, taking into account the progressive development of both hardware and new applications, surveyors will probably very soon use mobile devices compatible with the augmented reality (Halik, 2012) , instead of data in paper form, in their fi eld work.
Taking the above into consideration, this article aims to present the opportunities offered by augmented reality in the fi eld of geodesy and cartography, especially in developing tourist mobile application. This kind of solution -as well as mobile and interactive maps (Calka and Cahan, 2016) -is now replacing traditional maps and guides, but it uses typical cartographical data: thematic content related to the geographical space. The range of thematic data and application functionality is presented on the example of tourism; however, the presented solutions and capabilities can be used for many other geodetic purposes.
Methodology
The city of Toruń was chosen as a test area to develop a tourist application with the use of AR. There are many interesting and famous historic buildings in the city, attracting many foreign tourists. Therefore, it was decided that the application would be developed in two languages: Polish and English.
It was assumed that the application would include the most important tourist sites in Toruń, treated as points of interest (POI). Selection of the objects was based on the level of tourist attractiveness (popularity) of the object. A very important criterion was the availability (access) of the attractions to tourists. Therefore, the selection was focused on the objects located in the city centre, which the user is able to reach on foot. Selected sites are located in such as way as to make them reachable without deviating from the accepted main tourist route. Selected attractions include eight groups of objects: churches, museums, monuments, towers, townhouses, granaries, gates and others.
With the use of a mobile device, a virtual object in the form of a label is superimposed on each real tourist site. It was assumed that the label would contain elements enriching the real site by additional information about them. They are: -descriptions -practical information -photos -voice recordings.
It was assumed that descriptions of tourist attractions should contain the most important information about the object, which would be the most interesting to potential tourists. Therefore, descriptions contain historical data and include information about the past of the site, its date of creation, purpose, etc. It was also assumed that the descriptions should not bore the tourists, therefore, they should not be too long. It was decided that practical information would include data such as opening hours, ticket prices, the address, etc. Both descriptions and practical information contain data derived only from reliable sources, e.g. a tour desk, the offi cial travel brochures of the city, or historical publications. This information was collected during the fi eld interview in Toruń and prepared in Polish and English.
It is not always possible to read the object description during the route or during a visit inside the buildings. It is often impossible to enjoy the delights of external or internal tourists site and read information about them at the same time. For that reason, voices reading information about the objects were recorded, and the user can play them during the tour. Voice recordings are based on the prepared descriptions of tourist attractions. Recordings in Polish were prepared with the use of Audacity software (URL 8). This is free software that allows not only for recording sounds, but also editing and processing. Voice recordings in English were prepared with the use of the Balabolka software (URL 9). This is a free software that allows users to convert text to speech. All resulting audio fi les are in the MP3 format and their length does not exceed one and a half minutes.
During the fi eld interview, photographs of the objects were also taken. For any tourist facility, at least two pictures were taken. They were taken from different angles to allow the user to seamlessly identify the object, regardless of where they are located. In the case of tourist attractions, such as museums and churches, as far as it was possible, the interior was also photographed. All captured images were processed using the trial version of Adobe Photoshop CS6, which made it possible to improve parameters such as, among others, white balance, brightness, sharpening, colour balance and contrast. The Stamp tool was used to remove unwanted elements (e.g. people, cars) from the pictures. Due to the fact that many monuments are located on narrow streets, it was impossible to obtain a perfectly vertical photo of some objects. This effect is evident in buildings that are abnormally declivous. To correct these imperfections, an adaptive "wide angle" fi lter was used. It was used to draw a few lines, which are vertical lines of photo, frame the image respectively, and fi ll in the resulting defects.
Virtual elements placed against the background of the real image were located using a method involving the use of location services. This method relies on the fact that mobile devices with built-in sensors, e.g. compass, accelerometer, gyroscope, and GPS receiver, determine the location of both the user and the virtual objects using assigned coordinates (X, Y, H), stored in a spatial database. In this solution, the main task of the system is the real-time operation.
To determine the geographical coordinates and altitude for each of the previously selected POI, two methods were used. The fi rst one was to determine the position using the Google Maps service. Collected coordinates and heights were imported into the application, and then they were tested to check if the location of the object was correct. In order to verify the accuracy of the data obtained, a second method was used -the measurement of coordinates in the fi eld. Results obtained from the two methods were compared in terms of proper display of the location of each object. In both methods, only the labels of larger objects were correctly displayed. Labels of smaller attractions, such as monuments, were displayed with some diffi culties. It might appear that the point identifi ed with the use of an orthophotomap is positioned correctly, while in fact, it was usually next to it. These problems were eliminated by using the second method of obtaining coordinates (measurement in the fi eld), which allowed for the accurate determination of the position of the point.
The accuracy of location is extremely important when using the application. The user must be certain that the object observed by the camera of the mobile device has a successfully assigned label with information about it. The second method proved to be the more accurate and the coordinates obtained with it were taken as defi nitive. Additionally, attention was paid to the height at which the object labels are displayed. The adjustment of the labels over the object enabled positioning them in such a way that in case of close proximity to the tourist attractions, the labels do not overlap.
To develop applications for Toruń, the CityGuideTour software, produced by the Polish company EnviroSolutions, was used (URL 10). The CityGuideTour software license was granted free of charge on the basis of an agreement between the company and the university. The CityGuideTour application acts as both informative and localization software, integrating data about the objects, as well as three-dimensional coordinates of the POI. This software enables the location in space of real objects and corresponding virtual elements and the gathering of and displaying information about them, as well as confi guring the application in the manner established by the author.
CityGuideTour was enriched by a Wikitude library, which is one of the many available on the market. Thanks to this, the displayed content can be observed in the augmented reality module. The programming pack Wikitude SDK is a tool for commercial use, but it is possible to obtain a license for the educational version, by fi lling out the form on the manufacturer's in order to use it for non-commercial purposes for a specifi ed period of time.
The confi guration of all elements of the application was done in a JSON text fi le, which then was placed on the FTP server accessible to the application on the network.
The developed application was tested in the fi eld. This enabled the detection and elimination of errors. Analysis of the application's functioning was performed using two mobile devices. This was to eliminate errors caused by possible irregularities arising from the operation of a particular model of equipment. Application performance was checked along the entire sightseeing route, and errors were corrected to ensure that the product introduced for public use has no defects and is fully functional.
Results
53 selected tourist facilities located in the center of Toruń were selected as the thematic content of the application. The list of selected objects is presented in Table 1 . For each object, practical information was gathered, descriptions of objects were prepared and voice recordings were made. Photos of objects were taken, and then retouched. An example of adjusting the quality of images is shown in Figure 1 .
As a result of the work, the tourist application CityGuideTour Toruń was created. It is available in the Google Play store for free public use by tourists and locals. The main application interface CityGuideTour Toruń consists of a main menu (Figure 2b) , which offers four basic options: Start a Tour, Favorites, Search, Visited.
The basic functionality of the application is based on an item marked in the main menu as "Start a Tour". After selecting this option, the augmented reality mode is running. In accordance with the principle of operation of this technology, labels presenting attractions located near the user are placed on a real image which is seen in the mobile device camera (Figure 3 ). In the augmented reality operation mode, only a part of the description of the object and the distance from the user are seen. To receive complete information about the object, the real image view must be abandoned. After the "See more" option is selected, a description of the object, additional information about it and the image will be displayed (Figure 4) . After an image is selected, a gallery of the object images will be presented. A standard application option, available from every screen, is the ability to change the settings (Figure 5a ), such as the language and the buffer to search for tourist attractions. It is extremely important to determine the correct distance from displayed points, depending on where the observer is located. When the user is located right next to the object, the change of distance will allow for pinpointing the correct spot and prevent overlapping tags symbolizing objects in the distance.
During the development of the application, a specifi c buffer value was adopted for each type of tourist attraction. This was to enable the use of other options, such as determining which sites have already been visited. The user must be within a certain distance to be able to receive points for the places they have visited. This will allow user to participate in the ranking. The aim of this additional option am is to encourage the use of the product for entertainment. Moreover, information about the places visited and the ranking may be obtained by logging on to the software developer site.f.
The application also includes functions which complement the AR mode. One of them is the ability to access a list of tourist sites (Figure 5b ), where users can fi nd information on each tourist attraction without using the AR mode. Another option presents a list of sites added to the favourites and visited, as well as the chance to explore the city using AR mode. Choosing site from the list, in addition to obtaining information about it, the user can rate the site on a scale of one to fi ve stars, to share the POI through social networking sites or email and add it to their favourites. Voice recordings are a very useful function. They present important information about the site and can be used by people with disabilities, as well as during tours inside buildings, where the tourists can freely admire the interior, and at the same time learn something about it.
Because the city of Toruń is visited by more and more foreign tourists, data contained in the application as well as application interface were prepared in two language versions: Polish and English.
Discussion
During the CityGuideTour Toruń application development, attention was paid to other applications operating on a similar principle. The principal feature distinguishing CityGuideTour from other products is its availability for a specifi c city. Many browsers like Wikitude and Layar products are universal, which means that they operate in almost any location. In addition, the CityGuideTour application does not offer the end users the possibility to edit or create their own layers. Another advantage of the resulting application is its clean interface and possibility of selecting the language of displayed data.
The use of the software in this project was not connected with any additional costs: all software was free or was obtained free of charge for the completion of this work. Additional costs were incurred only when visiting the test area, because the city of Toruń is approximately 250 km from the author's place of residence. Field work lasted about fi ve days, which is what contributed to the costs of travel and accommodation. Additionally, the costs associated with the purchase of paper maps and tourist guides, as well as tickets to the sites described should be taken into consideration. In conclusion, the total cost of the application development was not excessive.
During the work, it was assumed that the developed product would be introduced for public use; as such, it could not have any defects, and had to be fully functional. Therefore, emphasis was put on fi eld testing the application. The study and analysis of the correct functioning of the application allowed the developers to detect and eliminate bugs. Moreover, sharing the product online is connected with the need to update it -to have a fully functional product, we should remember about changes due to factors such as changing ticket prices.
The fi nal product can certainly contribute to the growth of tourism in Toruń. Additionally, mobile applications are now easier and more popular for most tourists. Instead of buying multiple paper guides, users can download a modern tool with navigation and information about attractions for free. Moreover, the data in the application, in contrast to paper guides, can always be up to date.
There is no denying that no product is perfect. There are many changes or improvements that will facilitate the development of the application. CityGuideTour is a mobile tourist guide, which very much works properly; however, this does not mean that work related to the development of the application should be considered complete, because there are an infi nite number of possibilities to extend i ts operation.
Conclusion
The development of technology means that it exerts a growing infl uence on human life. For most people, not using computers, the Internet, or mobile phones is inconceivable. With the rapid development of technology, mobile applications and information systems have become very popular. In recent years, applications using augmented reality have also quickly become popular in almost every fi eld of life.
Today's navigation systems and mobile applications which allow the location of both the user and sites, are displacing analogue maps and traditional tourist guides. Undoubtedly, they facilitate visiting new places and have won the support of a wide audience. Therefore, the CityGuideTour Toruń application supports the growth of tourism, the prevalence of AR technology, and above all, improving the exploration of the city.
The application created for the Polish city of Toruń shows another face of tourism. Problems associated with fi nding attractions, lack of knowledge about the city or a long, unnecessary search for information about interesting places should not be part of the tourist experience. The only restriction in the use of the application is connected with hardware capabilities. In order to allow for the location of both the user and the site, a mobile device must have a GPS or GLONASS module, an electronic compass, an accelerometer and gyroscope. The presence of a digital camera is a requirement. Additionally, the device should have a high-speed graphics processor and network connection. Almost every smartphone already has these tools. Therefore, AR technology currently allows u ser to combine a recreational and practical function -the user not only obtains useful information, but also has the opportunity to learn through play.
